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Abstract 22 
Here, we used event-related potentials to test the predictions of two prominent accounts of code-23 
switching in bilinguals: The Matrix Language Framework (MLF; Myers-Scotton, 1993) and an 24 
application of the Minimalist Program (MP; Cantone & MacSwan, 2009). We focused on the relative 25 
order of the noun with respect to the adjective in mixed Welsh-English nominal constructions given 26 
the clear contrast between pre- and post-nominal adjective position between Welsh and English. MP 27 
would predict that the language of the adjective should determine felicitous word order (i.e., English 28 
adjectives should appear pre-nominally and Welsh adjectives post-nominally). In contrast, MLF 29 
contends that it is the language of the finite verb inflection rather than that of a particular word that 30 
governs felicitous word order. To assess the predictions of the two models, we constructed sentences 31 
featuring a code-switch between the adjective and the noun, that complied with either English or 32 
Welsh word-order. Highly proficient Welsh-English bilinguals made semantic acceptability 33 
judgements upon reading the last word of sentences which could violate MP assumptions, MLF 34 
assumptions, both assumptions, or neither. Behaviourally, MP violations had no significant effect, 35 
whereas MLF violations induced an average drop of 11% in acceptability judgements. 36 
Neurophysiologically, MP violations elicited a significant Left Anterior Negativity (LAN) 37 
modulation, whereas MLF violations modulated both P600 and LAN mean amplitudes. In addition, 38 
there was a significant interaction between MP and MLF status in the P600 range: When MP was 39 
violated, MLF status did not matter, and when MP criteria were met, MLF violations resulted in a 40 
P600 modulation. This interaction possibly reflects a general preference for noun over adjective 41 
insertions, and may provide support for MLF over MP at a global sentence processing level. Model 42 
predictions also manifested differently in each of the matrix languages: When the matrix language 43 
was Welsh, MP and MLF violations elicited greater P600 mean amplitudes than MP and MLF 44 
adherences, however this pattern was not observed when the matrix language was English. We 45 
discuss methodological considerations relating to the neuroscientific study of code-switching, and the 46 
extent to which our results shed light on adjective-noun code-switching beyond findings from 47 
production and experimental-behavioural studies.   48 
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Introduction 49 
It is common for bilinguals to mix their languages in the same sentence or conversation. This 50 
phenomenon is known as code-switching (Deuchar, 2012). In this study, we focus on switching 51 
where the structures of the two languages differ (conflict sites). We selectively target adjective-noun 52 
switches in a language pair, Welsh-English, where adjectives are pre-nominal in one of the languages 53 
(English ¨red wine¨) and post-nominal in the other language (Welsh ¨gwin coch¨ -wine red). Thus, 54 
Welsh-English code-switching between the noun and the adjective could generate four potential 55 
noun-adjective combinations: ‘red gwin’, ‘gwin red’, ‘coch wine’ and ‘wine coch´. In general, 56 
Welsh-English code-switching data show clear regularities, with Welsh grammar determining word 57 
order in bilingual clauses with very few exceptions (see Deuchar, Webb-Davies & Donnelly, 2018). 58 
However, due to the general low occurrence of attributive adjectives in production data, determining 59 
the grammatical constraints that may predict code-switching patterns has been the focus of attention 60 
of many studies, not only on Welsh-English code-switching (Parafita Couto, Deuchar, & Fusser, 61 
2015; Parafita Couto, Boutonnet, Hoshino, Davies, Deuchar, & Thierry, 2017) but also on adjective-62 
noun code-switching in other language pairs where the switch point also constitutes a conflict site 63 
(e.g., Spanish-English, Papiamento-Dutch, or French-Dutch). Most of these studies examined 64 
patterns of adjective-noun switching in different bilingual populations and using different 65 
methodologies, to evaluate the predictions of two theoretical accounts: the Matrix Language 66 
Framework (MLF, Myers-Scotton, 1993) and the Minimalist Program approach (MP, Cantone & 67 
MacSwan, 2009). An overview of these studies is provided in section 1.3, but we first provide a brief 68 
review of the theoretical accounts that we are testing.  69 
The Matrix Language Framework (MLF) 70 
According to proponents of the MLF (Myers-Scotton, 1993, 2002), the grammar of one of the two 71 
languages in the bilingual clause takes priority. A distinction is drawn between the ‘matrix language’ 72 
(ML), which provides the morphosyntactic frame for the clause, and the ‘embedded language’ (EL), 73 
which provides embedded elements, mainly content words. The MLF predicts that (i) finite verb 74 
morphology and (ii) word order within a clause will be sourced from the same language (the ML). If 75 
the finite verb morphology is from one language, then the prediction is for the relative word order 76 
within the adjective-noun phrase to also be from that language. This means that in a sentence with 77 
Welsh as matrix language, the adjective will be postnominal irrespective of the language of the 78 
adjective (Welsh or English), as in (1a,b; note that the code-switches are highlighted in bold). 79 
Conversely, in a sentence with English as matrix language (i.e., when the finite verb of the clause is 80 
in English), the adjective will be prenominal independently of whether the adjective comes from 81 
Welsh or English, as in (2a,b; note that the code-switches are highlighted in bold).  82 
 (1)  a. Helodd yr arth un horse gwyn drwy gydol y nos.  83 
chase.3S.PAST DET bear one horse white through throughout DET night 84 
  “The bear chased one white horse throughout the night.” 85 
 86 
  b. Helodd yr arth un ceffyl white ar hyd y mynydd mawr 87 
chase.3S.PAST DET bear one horse white on length DET large mountain 88 
   “The bear chased one white horse along the large mountain.” 89 
 90 
(2)  a. The bear chased one white ceffyl through the forest.  91 
       horse 92 
  “The bear chased one white horse through the forest.” 93 
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 94 
b. The bear chased one gwyn horse down the winding road 95 
  white 96 
  “The bear chased one white horse down the winding road.” 97 
 98 
Minimalist Program (MP)  99 
In contrast to the proponents of the MLF approach, those who support the MP seek to explain code-100 
switching using exclusively the grammatical features of the participating languages (MacSwan, 101 
1999). MacSwan (1999) criticized the MLF, arguing that this framework explicitly refers to the 102 
separate languages involved in it. He argues that code-switching data should be explained in the same 103 
way we explain monolingual grammars. Regarding specific predictions for adjective-noun order, 104 
Cantone and MacSwan (2009) follow Cinque’s (1994, 1999, 2005) proposal that adjectives 105 
universally precede nouns in their exploration of Italian-German spontaneous data. Under this view, 106 
differences in word order between languages (like Italian and German, or English and Welsh) follow 107 
from overt movement of the noun (Welsh or Italian) to a position to the left of the adjective. This 108 
noun movement results in postnominal adjective order in those languages. They reach the descriptive 109 
generalization that “while the data remain slightly ambiguous, a relatively clear pattern has emerged 110 
in both the survey data and the naturalistic data confirming the general view of previous researchers, 111 
namely, that the word order requirements of the language of the adjective determine word order in 112 
code-switching in DP-internal contexts” (Cantone & MacSwan, 2009, pp. 266-267). This means that 113 
whenever the adjective is English it will be prenominal (3a,b; note that the code-switches are 114 
highlighted in bold), and whenever it is Welsh it will be postnominal (4a,b; note that the code-115 
switches are highlighted in bold), independently of the matrix language of the clause.  116 
(3)  a. The bear chased one white ceffyl through the forest. 117 
                   horse 118 
               “The bear chased one white horse through the forest.” 119 
 120 
      b. Helodd yr arth un white ceffyl ar hyd y mynydd mawr 121 
                chase.3S.PAST DET bear one white horse on length DET mountain large 122 
              “The bear chased one white horse along the large mountain.” 123 
 124 
(4)  a. The bear chased one horse gwyn around the galaxy. 125 
      white 126 
  “The bear chased one white horse around the galaxy.” 127 
 128 
b. Helodd yr arth un horse gwyn drwy gydol y nos. 129 
    chase.3S.PAST DET bear one horse white through throughout DET night 130 
    “The bear chased one white horse throughout the night.” 131 
1.3 Previous studies evaluating the predictions of the MLF vs MP 132 
In this section, we review studies that tested the predictions of the MLF against the MP predictions of 133 
Cantone and MacSwan (2009) for adjective-noun switching. These studies were conducted on 134 
different language pairs and also used different methodologies: production data (naturalistic or 135 
elicited), acceptability judgment tasks (AJTs), electrophysiological measures, or a combination 136 
thereof. In what follows, we will first discuss the literature using production data, then we will focus 137 
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on studies that used AJTs and finally we will provide details on the two previous neurocognitive 138 
studies on adjective-noun code-switching.  139 
1.3.1 Production data 140 
Production data and corpus analyses can provide a wealth of information about the naturalistic 141 
occurrences of code-switches and allow for the predictions of both MLF and MP to be assessed in an 142 
ecologically valid way. Parafita Couto, Deuchar, and Fusser (2015) used a multitask approach 143 
comprising two sources of production data (naturalistic corpus data and data from an elicitation task), 144 
and an auditory judgment task to investigate the contrasting predictions of both models in Welsh-145 
English bilingual speech. In their production data, Welsh was the matrix language for all sentences, 146 
and the most common code-switched combinations included an English noun followed by a Welsh 147 
adjective. Whilst these data provide valuable insight into a preference for noun-insertions over 148 
adjective insertions, they cannot be used to contrast the predictions of each model, as such insertions 149 
correspond with both the predictions of the MLF and MP. The authors therefore focused on mixed 150 
nominal constructions with non-matrix language adjectives, as both models make contrasting 151 
predictions in this case (the MLF predicts adjectives to follow the order of the matrix language, while 152 
the MP predicts adjectives to follow the word order of their language origin). A total of 43 mixed 153 
nominal constructions were identified in the naturalistic conversational corpus, with seven adhering 154 
to the predictions of MP, and 36 adhering to the predictions of MLF. A similar pattern was observed 155 
in the elicited data, thus providing tentative support for MLF over MP. In contrast, participants 156 
rejected all items during the judgement task, which may reflect a stigma associated with code-157 
switched utterances in this population (but see section 1.3.2 for further discussion on 158 
judgment/acceptability tasks). Overall, these data highlight a preference for switched words to be 159 
nouns rather than adjectives, resulting in the predictions of both theoretical accounts being adhered to 160 
in most occurrences of adjective-noun switches in this study. 161 
Support for both theoretical approaches was also provided by Parafita Couto and Gullberg (2019), 162 
who examined code-switched determiner-noun-adjective complexes in three language pairs (Welsh-163 
English, Spanish-English and Papiamento-Dutch). They extracted all mixed nominal constructions 164 
including an adjective (determiner–adjective–noun (DetAN/NA). The most common pattern is for 165 
determiners in Welsh, Spanish and Papiamento to be followed by adjective-noun clusters in English 166 
and Dutch, with adjectives in the typical prenominal position of these languages. These findings 167 
adhere to MP predictions, but arguably also the MLF predictions, as the MLF allows for “embedded 168 
language islands” where the grammar of the embedded language prevails (Myers-Scotton, 1993).  169 
Such adjective-noun combinations from the embedded language would be considered ‘embedded 170 
language islands’. Overall, these findings suggest that switches predominantly occur between 171 
Determiners and Adjective Noun clusters or “embedded language islands” (e.g., Welsh-English “y 172 
Belgian loaf” (the.Welsh Belgian loaf)), not between Adjectives and Nouns, and provide support for 173 
both theoretical accounts. However, in the nine examples of switches between adjectives and nouns, 174 
the adjective position always matched the matrix language, thus providing tentative support for MLF 175 
over MP.  176 
Balam and Parafita Couto (2019) extended this line of research to a different Spanish-English 177 
bilingual community: Northern Belize. They extracted 1680 nominal constructions (477 monolingual 178 
Spanish and 1203 Spanish-English) from sociolinguistic interviews with 62 Spanish-English 179 
bilinguals from Northern Belize. Their analysis showed that bilinguals avoid Spanish attributive 180 
adjectives and overt gender marking in mixed nominal constructions, but not in monolingual Spanish 181 
ones. This pattern in the data is explained by Otheguy and Lapidus’ (2003) adaptive simplification 182 
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hypothesis, which posits that bilinguals avoid switching in grammatical contexts where gender 183 
marking is required. In terms of adjective placement, again both the MLF and Cantone and 184 
MacSwan’s MP predictions were able to account for mixed noun-adjective constructions, with only a 185 
few exceptions that could only be predicted by the MLF. Similar to what was reported by Parafita 186 
Couto and Gullberg (2019), Balam and Parafita Couto’s (2019) results also revealed that most 187 
adjectival constructions in code-switching contained embedded language islands (88.8%).  188 
Additionally, mixed nominal constructions containing a gender-marked Spanish attributive adjective 189 
were not common in their data. Consonant with the findings of the two previous studies, the Northern 190 
Belize data point in the direction of the relative superiority of the MLF. 191 
The findings of these studies provide insights into code-switching patterns in naturalistic production 192 
data. Specifically, they highlight the infrequent use of noun-adjective switches within nominal 193 
constructions (see Otheguy & Lapidus, 2003; Pfaff, 1979; Poplack, 1980 for similar findings), and a 194 
general preference for noun insertions over adjective insertions. However, these patterns do not allow 195 
for a direct comparison of the contrasting model predictions, as they generally adhere to the 196 
predictions made by both models. In addition, the data analysed in these studies mainly consisted of 197 
sentences in one matrix language (e.g., Welsh for Welsh-English bilinguals), and so it is unclear 198 
whether similar patterns would emerge in the other matrix language (e.g., English). Additional 199 
research is needed to directly contrast the predictions of each model.  200 
1.3.2 Acceptability judgments 201 
Despite the descriptive richness and ecological validity of naturalistic production data, some 202 
researchers argue that corpus data also has inherent limitations as counterexamples may exist that are 203 
not attested in the corpus (see Gullberg, Indefrey, & Muysken, 2009, for an overview). Many 204 
linguistic studies use acceptability judgments tasks (AJTs; for a review , see Schütze, 2016), where 205 
participants indicate whether a sentence is grammatically correct or acceptable, or specify the degree 206 
of acceptability on a given scale.   207 
Vanden Wyngaerd (2017) examined the predictions made by an MP approach (Cantone & MacSwan, 208 
2009) and the MLF regarding both word order as well as adjectival agreement patterns in French-209 
Dutch mixed nominal constructions. In Dutch, adjectives occur pre-nominally, whilst adjectives are 210 
predominantly post-nominal in French, thus allowing for a direct contrast of both models. Vanden 211 
Wyngaerd used a 3-point acceptability task in which she orally presented 120 code-switched 212 
sentences to 15 bilingual participants. Overall, her findings indicate that the MP is better at predicting 213 
grammaticality than the MLF, as sentences that adhered to the predictions of MP were rated as more 214 
acceptable than sentences that violated the predictions of MP. Interestingly, there was no statistically 215 
significant difference in the mean rating of sentences with a Dutch ML and a French adjective, and 216 
sentences with a French ML and a Dutch adjective. This finding directly contrasts with previous 217 
findings by Treffers-Daller (1993), who noted, based on naturalistic data, that it is more common for 218 
Dutch adjectives to be inserted in a French sentence than the other way around. The author 219 
acknowledges that methodological differences in corpus and grammaticality judgement tasks may 220 
lead to divergent results and concludes that her findings in favour of the MP should be seen as 221 
provisory. 222 
Stadthagen-González, Parafita Couto, Párraga, and Damian (2017) also assessed the predictions of 223 
MP and MLF in relation to adjective-noun word order in Spanish-English code-switched sentences 224 
(English has prenominal adjectives while Spanish prefers postnominal adjectives). They constructed 225 
sentences containing code-switched adjective-noun phrases that adhered to the predictions of MLF, 226 
MP, both, or neither, and assessed the acceptability of the sentences in two separate experiments: one 227 
  Code-switching and ERPs 
 
7 
using a 5-point Likert scale, and one using a 2-Alternative Forced Choice (2AFC) task. The results 228 
from both tasks revealed an additive effect, as both the language of the verb inflection and the 229 
language of the adjective determine word order (see Voss, 2018 for similar findings in a sample of 230 
Papiamento-Dutch bilinguals). Thus, they argue that neither the MLF nor the MP can completely 231 
explain the acceptability of adjective–noun switches and propose that progress in our understanding 232 
of grammaticality in code-switching will be accomplished by incorporating observations from the 233 
two frameworks rather than examining them separately.  234 
These findings paint a complex picture, with neither model fully accounting for the reported results. 235 
They contrast with data from naturalistic corpus studies, and it must be noted that acceptability 236 
judgement tasks may not be suitable for code-switching research, particularly in communities where 237 
code-switching is stigmatized (cf. Stadthagen-González, López, Parafita Couto & Párraga, 2018). It 238 
is possible, for example, that negative attitudes toward code-switching may lead participants to reject 239 
grammatical constructions that their linguistic systems would in fact permit (cf. Parafita Couto et al., 240 
2015 for the specific case of Welsh-English).  241 
1.3.3. Electrophysiological measures 242 
As Philips, Gaston, Huand, and Muller (2019) put it: “We often encounter the hope that experiments 243 
will give us more precise data that will allow us to settle difficult theoretical questions” (p. 1). It is 244 
with this hope that the studies reviewed in this section were conducted.  245 
Given that code-switching is often stigmatized, behavioural investigations into the acceptability of 246 
code-switched utterances may be susceptible to stereotypical judgements. Alternative neuroscientific 247 
methods may overcome this constraint by measuring implicit responses that occur prior to conscious 248 
judgments (Parafita Couto et al., 2015). To date, few studies have used neuroscientific methods to 249 
investigate code-switching, and the majority of these studies have focused specifically on the costs 250 
associated with language switching (see Van Hell, Litcofsky & Ting, 2015; Van Hell, Fernandez, 251 
Koostra, Litcofsky & Ting, 2018, for relevant reviews). These studies primarily focus on comparing 252 
lexical insertions with non-switched semantically congruent or incongruent completions (e.g., 253 
Moreno, Federmeier, & Kutas, 2002; Proverbio, Leoni, & Zani, 2004; Ruigendijk, Henschel, & 254 
Zeller, 2016, but see Litcofsky & van Hell, 2017 for an investigation of multi-word switches), and 255 
have provided a great deal of insight into the neurological correlates associated with code-switches. 256 
However, these studies did not explicitly test the grammaticality of the code-switches, which is the 257 
purpose of the current study. To our knowledge, only two ERP studies have explicitly tested the 258 
grammaticality of code-switches by directly comparing the predictions of two theoretical linguistic 259 
models (MLF & MP). Parafita Couto et al., (2017) conducted an electrophysiological study on 260 
Welsh-English code-switching, focusing specifically on adjective-noun switching. Their study 261 
contained four experimental sentence types (Table 1), and two critical contrasts were conducted.  262 
Table 1. Example experimental sentences from Parafita Couto et al. (2017) 
Sentence MLF MP 
The bear chased one gwyn horse + - 
Helodd yr arth un horse gwyn + + 
The bear chased one ceffyl white - - 
Helodd yr arth un white ceffyl - + 
The first contrast compared sentences where the models made orthogonal predictions (MLF+MP- vs 263 
MLF-MP+) whilst the second compared sentences where both models were adhered to (MLF+MP+) 264 
with sentences that violated the predictions of both models (MLF-MP-). All contrasts focused on a 265 
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negative-going ERP waveform corresponding to a left anterior negativity (LAN), an ERP component 266 
sensitive to phrase structure or morphosyntactic violations (e.g. Friederici, 2002; Friederici, Pfeifer, 267 
& Hahne, 1993; Hagoort, 2003; Hahne & Friederici, 1999). The first contrast revealed that MLF-268 
MP+ elicited more negative ERP amplitudes than MLF+MP- sentences, suggesting that MLF-MP+ 269 
sentences were more difficult to process than MLF+MP- sentences. This first contrast therefore 270 
provided tentative support for MLF over MP, however the orthogonal predictions meant that no 271 
definite conclusions could be drawn. However, the second comparison did not yield any significant 272 
differences. It is possible that this null result was caused, in part, by sentence ‘wrap-up’ effects 273 
(Hagoort, Wassenaar & Brown, 2003), given that the critical stimuli appeared in sentence-final 274 
position, even though recent findings cast doubt on this interpretation (e.g., Stowe, Kaan, Sabourin, 275 
and Taylor, 2018). Nevertheless, the authors acknowledged this limitation and suggested that the 276 
inclusion of an adverbial or prepositional phrase at the end of the experimental sentences may help 277 
resolve the ambiguity of these results. Note, however that the null effect in the second comparison 278 
may also have occurred due to carry-over effects from the preceding code-switch.  279 
Building on the study by Parafita Couto et al., (2017), Pablos, Parafita Couto, Boutonnet, Jong, 280 
Perquin, Haan, and Schiller (2019) tested the predictions of these models regarding noun-adjective 281 
order in Papiamento-Dutch code-switched utterances. Pablos et al., (2019) also tested the possibility 282 
that either word order may be possible in modification sites (Di Sciullo, 2014). They evaluated the 283 
predictions of the theoretical approaches using the same design as Parafita Couto et al., (2017).  In 284 
contrast to Parafita Couto et al., they found no LAN modulation as a result of their experimental 285 
manipulations, and as such were unable to support the predictions of neither MLF nor MP. For 286 
monolingual non-switched control sentences, there was no significant difference between amplitudes 287 
elicited by Papiamento and Dutch adjectives. For code-switched sentences, the authors checked for 288 
effects at the adjective position in sentences on which the models made opposite predictions, but they 289 
found no evidence to indicate any differences between the ERPs elicited by the adjectives in these 290 
sentences. They also found no effect at the adjective position in sentences on which the models made 291 
similar predictions. Since there was no difference in responses, these results can either be interpreted 292 
as favouring Di Sciullo’s prediction that either order may be possible, or, as an indication of a 293 
rejection of all code-switched patterns. 294 
ERP and corpus studies investigating the contrasting predictions of MLF and MP have thus far failed 295 
to provide conclusive evidence in support of either model. It is possible that these conflicting 296 
findings result from a fundamental difference in the processing mechanisms involved in production 297 
and comprehension. However, recent connectionist models in the psycholinguistics literature (e.g., 298 
Dell & Chang, 2014; MacDonald, 2013; Pickering & Garrod, 2013) dispel this suggestion, and 299 
convincingly demonstrate a cyclical link between comprehension and production. A close 300 
examination of the stimuli used in Parafita Couto et al., (2017) and Pablos et al., (2019) also support 301 
this link: No difference was observed between sentences that adhered to the predictions of both 302 
models and sentences that violated the predictions of both models in either of the studies. In each 303 
case, these sentences included noun insertions, which are arguably preferred over adjective insertions 304 
(Parafita Couto, Deuchar & Fusser, 2015). In addition, the orthogonal predictions of the models were 305 
spread across two matrix languages for both studies, despite the production literature demonstrating 306 
that code-switching patterns in such bilingual populations typically occur in only one language (e.g., 307 
Welsh matrix language sentences for Welsh-English bilinguals; Parafita Couto, Deuchar & Fusser, 308 
2015, and Papiamento matrix language sentences for Papiamento-Dutch bilinguals; Parafita Couto 309 
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and Gullberg, 2019). As such, the contrasting results of the two studies may reflect methodological 310 
differences, rather than fundamental differences in production and comprehension processes. 311 
1.4 Predictions for the present study  312 
In the current study, we utilised electrophysiological and behavioural measures to further investigate 313 
the two competing theoretical models. Following on from previous studies, we chose to focus on 314 
adjective-noun constructions in Welsh-English bilinguals. Here, however, we included additional 315 
sentence conditions to capture a range of possible code-switches, thus allowing for a more in-depth 316 
analysis of the model predictions. We also adapted the stimuli of our previous study (Parafita Couto 317 
et al., 2017) to avoid potential ‘wrap-up’ effects, and incorporated a semantic acceptability task. This 318 
resulted in eight sentence types, each containing a code-switch within an adjective-noun construction: 319 
Four sentences were categorised as having English as the matrix language, and four were categorised 320 
as having Welsh as the matrix language (Table 2).  321 
Table 2. Experimental design and stimulus examples.  
Sentence  MLF MP 
The girl bought one bird bach from the pet store.  - + 
The girl bought one small aderyn with her feet. + + 
The girl bought one aderyn small without telling her parents. - - 
The girl bought one bach bird during a shopping spree. + - 
Prynodd y ferch un bird bach gyda ei phres poced. + + 
Prynodd y ferch un small aderyn ar ôl ysgol. - + 
Prynodd y ferch un aderyn small fel anhreg i'w chwaer. + - 
Prynodd y ferch un bach bird yn ystod gwyliau'r haf. - - 
The point at which a code-switch occurs is highlighted in bold. Predictions of violations made 
according to the two main theoretical frameworks based on the position of the adjective: + means 
adherence to the prediction and – means violation of the prediction. An example of a semantically 
aberrant sentence ending is highlighted in italics, though note that these incongruent completions 
were dispersed equally between conditions. Italics and bold font are for the reader’s information 
and were not used in the experiment. 
The predictions specified by each theoretical model encompass the adjective-noun phrase in its 322 
entirety. In our initial analysis, we measured event-related potentials (ERPs) elicited by the final 323 
word within the adjective-noun construction, and all our electrophysiological predictions related to 324 
the final word within that construction1. Given that half of our experimental sentences included a 325 
noun-adjective construction, and half included an adjective-noun construction, we analysed these 326 
sentences separately, and focused on two distinct ERP components to accurately evaluate the 327 
predictions of the two models.  328 
 
1 All of the predictions outlined above are based on two theoretical models (MLF and MP), as our 
goal was to empirically test the predictions of both models. The two models focus exclusively on 
grammaticality, and do not take into account extraneous factors such as frequency of usage in their 
predictions about the relative order of adjectives and nouns in switched nominal constructions. As 
such, the predictions outlined here do not consider the impact of such factors, however we 
acknowledge and discuss the potential impact of these factors in the discussion section.  
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In our first (planned) analysis, we investigated ERP responses elicited by critical nouns on the one 329 
hand and critical adjectives on the other, in the time window of the Left Anterior Negativity (LAN): 330 
an ERP index considered to reflect early grammatical processing (Friederici, Pfeifer, & Hahne, 331 
1993), and in the time window of the P600: an ERP component typically involved in global 332 
grammatical processing and sentence re-evaluation (Osterhout & Holcomb, 1992; Steinhauer, White, 333 
& Drury, 2009; Steinhauer, Drury, Portner, Walenski, & Ullman, 2010). This decision was made as 334 
the predictions of both models refer to the placement of the adjective within the construction, and as 335 
such ERP responses elicited by nouns would differ to ERP responses elicited by adjectives. Note 336 
that, whilst other studies have reported that morphosyntactic violations modulate N400 mean 337 
amplitude (e.g., Guajardo & Wicha, 2014; Lau, Namyst, Fogel, & Delgado, 2016), we focused on the 338 
LAN to ensure consistency with the two other ERP studies (Parafita Couto et al., 2017; Pablos et al., 339 
2019) that have investigated the grammaticality of adjective-noun code-switching. If participants are 340 
sensitive to the predictions of MLF, constructions that violated its predictions should elicit more 341 
negative LAN mean amplitudes, and more positive P600 mean amplitudes, than constructions that 342 
adhered to its predictions. If participants are sensitive to the predictions of MP, a similar pattern 343 
should emerge. If LAN mean amplitudes are not modulated in line with the predictions of the 344 
models, then this would suggest that these predictions are not processed at a local, early grammatical 345 
processing stage. If P600 mean amplitudes are not modulated by the predictions of the models, then 346 
this would suggest that these predictions are not processed at a global, sentence-level processing 347 
stage. 348 
In a second (extended) analysis, we compared ERPs elicited by the adjective within an adjective-349 
noun construction, regardless of whether it occurred before or after the noun, to determine whether 350 
the model predictions were modulated by the matrix language of the sentence. Our predictions in this 351 
analysis are identical to the predictions outlined above.  352 
A selection of the experimental sentences also included a semantically incongruent completion after 353 
the presentation of the adjective-noun construction. Participants were required to explicitly state 354 
whether the sentences ‘made sense’ upon reading the sentence-final word. This manipulation was 355 
included to ensure participant engagement, but also allowed for an indirect measure of the model 356 
predictions at a surface level. Our predictions regarding overt behavioural responses relate 357 
specifically to sentences that contain a semantically congruent completion. If participants are 358 
sensitive to the predictions of the models at a global, sentence processing level, sentences that adhere 359 
to the model predictions should be categorised as semantically acceptable more than sentences that 360 
violated the predictions of the models. 361 
Materials and Methods 362 
Participants 363 
Twenty-six Welsh-English bilinguals participated in this study. Of this sample, one participant was 364 
removed due to low Welsh proficiency, three participants were removed as their EEG data contained 365 
too few epochs per condition, and a further four participants were excluded due to alpha 366 
contamination in the EEG data. Thus, 18 highly proficient participants (4 male; Mage = 22.11 years; 367 
SD = 4.30 years) were included in the final analysis, all of whom self-reported that they had learnt 368 
English from an early age (M = 2.82 years; SD = 2.88). Eight participants identified as simultaneous 369 
bilinguals, whilst ten participants identified Welsh as their native language, with English being 370 
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acquired in an educational setting. Participants rated their reading and writing proficiency, their 371 
conversational fluency, and their speech comprehension in both languages, and their overall 372 
proficiency score did not differ significantly between Welsh (M = 9, SD = 0.97) and English (M = 373 
9.13, SD = 1.08). All participants possessed normal or corrected to normal vision. Ethical approval 374 
was obtained from Bangor University Psychology Ethics Committee, and all participants provided 375 
written consent. 376 
Materials and design 377 
The stimuli comprised 32 sentence sets, with 8 sentences in each set. To create the experimental 378 
sentences, we first selected 16 subject nouns, 16 verbs, 16 object nouns, and 16 adjectives. These 379 
words were non-cognates, the object nouns included in the adjective-noun constructions were 380 
masculine (so as to avoid interference from the Welsh morphosyntactic rules of soft mutation; Ball & 381 
Müller, 1992), and each word appeared in two experimental sentences. Within a sentence set, four of 382 
the sentences had Welsh as a morphosyntactic frame, and four had English as a morphosyntactic 383 
frame. Furthermore, the order of the adjective-noun construction was altered in each sentence, and 384 
each sentence contained a code-switch (see Table 2). These manipulations ensured that each 385 
experimental sentence within a set either adhered to, or violated, the predictions of the competing 386 
models. Each sentence set also included a semantically ‘incongruent’ sentence completion, upon 387 
which the behavioural task was based. Crucially, this semantic manipulation occurred after the code-388 
switch within each sentence and was rotated across all experimental conditions. This distractor task 389 
was used to draw the participants’ attention away from the experimental manipulation, whilst also 390 
allowing for an indirect measure of model predictions. For our planned analyses, the crucial 391 
experimental conditions included Welsh matrix language sentences and English matrix language 392 
sentences. We thus did not include Matrix Language as an experimental factor. The experiment 393 
therefore comprised a 2 (MLF+ vs MLF-) x 2 (MP+ vs MP-) repeated measures design, in which 394 
each participant viewed all sentence versions. In our extended analysis, however, we included Matrix 395 
Language as an experimental factor, resulting in a 2 (Matrix Language: English vs Welsh) x 2 396 
(MLF+ vs MLF-) x 2 (MP+ vs MP-) repeated measures design, in which each participant viewed all 397 
sentence versions. 398 
Procedure 399 
Participants viewed all 256 sentences, presented in 18 point font on a black background. Sentences 400 
were segmented into nine sections before presentation. The first eight sections contained a single 401 
word, and were presented for 500ms, with 200ms ISI. The ninth section contained the remainder of 402 
the sentence, and was presented for 2000ms, or until the participant made a response. The critical 403 
adjective-noun constructions appeared in segment five and six in all cases (e.g., The | girl | bought | 404 
one | bach | bird | during | a | shopping spree.) 405 
The experiment comprised of 8 blocks, and presentation order was pseudorandomized, such that two 406 
sentences from a single sentence set were never presented in the same block. In addition, each block 407 
included sentences from every experimental condition. This decision also allowed us to control for 408 
potential repetition effects, as each condition would be equally impacted. At the end of each 409 
sentence, participants stated whether the sentence made sense, by means of a button box. This task 410 
was used to ensure participant engagement with the stimuli and focused on semantic rather than 411 
grammatical violations. Following the experiment, we obtained demographic information (age of 412 
acquisition, frequency of use, and native language) using a language history questionnaire. 413 
Participants also rated their reading and writing proficiency, their conversational fluency, and their 414 
  Code-switching and ERPs 
 
12 
This is a provisional file, not the final typeset article 
comprehension ability for each language, and responses were averaged to generate an overall Welsh 415 
and English proficiency score for each participant.  416 
ERP recording 417 
Electrophysiological data were recorded from 64 Ag/AgCl electrodes according to the extended 10-418 
20 convention and were referenced to Cz at a rate of 1 kHz. Impedances were kept < 5 k Ω and the 419 
electroencephalogram (EEG) activity was filtered online with a band-pass filter between 0.05 and 420 
200 Hz, and offline with a low-pass zero-phase shift digital filter which was set at 25Hz. The data 421 
were then pre-processed using MATLAB (R2014a, The Mathworks, Inc.), and the EEGLAB 422 
(Delorme & Makeig, 2004) and ERPLAB (Lopez-Calderon & Luck, 2014) toolboxes. The 423 
continuous EEG data was visually inspected, and excessive muscular artefacts were manually 424 
removed. Epochs ranging from -100 to 1000ms from the onset of the target word were extracted from 425 
the EEG recordings, and an independent component analysis (ICA; e.g., Makeig & Onton, 2011) was 426 
performed to identify and extract remaining muscular and ocular artefacts. A maximum of five 427 
independent components were removed per participant. Epochs with activity exceeding ±200 µV at 428 
any electrode site were automatically discarded. There was a minimum of 24 epochs per condition 429 
for every participant. Baseline correction was performed in reference to 100ms of pre-stimulus 430 
activity, and individual averages were digitally re-referenced to the global average reference. 431 
Behavioural Data analysis 432 
Data were analysed using the lme4 package, version 1.1-12, (Bates, Maechler, Bolker, & Walker, 433 
2015) in R version 3.2.3 (R Core Team, 2015). Only sentences containing a semantically congruent 434 
completion (as determined by the experimenters prior to testing) were included in the analysis. For 435 
example, behavioural responses to the sentence ‘The girl bought one small aderyn with her feet’ were 436 
not included in this analysis, as this was categorised as a semantically incongruent sentence prior to 437 
testing. Note that the semantically incongruent completions were evenly distributed across all 438 
conditions, and so all eight critical conditions were included in the analysis. These sentence types 439 
should all be perceived as semantically congruent to participants, and thus any differences that may 440 
arise could be attributed to our experimental manipulation. After excluding responses to semantically 441 
incongruent sentences, button responses were triaged into congruent (yes, this sentence makes sense) 442 
and incongruent (no, this sentence doesn’t make sense) responses from the participant’s point of 443 
view, hereafter subjective responses. In other words, all responses included in the analysis were 444 
collected in response to sentences that were semantically congruent but judged as congruent or 445 
incongruent by the participant (not predictions from MLF and MP).  446 
Responses were analysed by means of a binomial logistic regression, and reaction time data were 447 
examined with linear mixed effects analyses. An interaction term for the two repeated measures 448 
factors (MLF*MP) was included for both analyses, and the baseline (intercept) of each analysis 449 
comprised of the ‘MLF-’ and ‘MP-’ conditions. For the reaction time data, the ‘sentence’ variable 450 
was modelled as a function of intercept performance, whilst the ‘participant’ variable included the 451 
intercept, plus the maximal slope of MLF*MP (Barr, Levy, Scheepers, & Tily, 2013).  452 
Treatment contrasts were used to interpret the model output, and the specifications of each model 453 
allowed for two fixed effects as well as one interaction term. Fixed Effect 1 compared ‘MP-’ trials in 454 
‘MLF-’ and ‘MLF+’ conditions. Fixed Effect 2 compared ‘MP-’ trials with ‘MP+’ trials in ‘MLF-’ 455 
conditions. Finally, the Interaction assessed the extent to which differences in ‘MP-’ vs. ‘MP+’ trials 456 
were specifically attributable to ‘MLF+’ vs. ‘MLF-’ conditions.  457 
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Planned electrophysiological data analysis 458 
The predictions specified in Table 2 refer to the complete adjective-noun constructions, and thus 459 
apply to responses measured on the final word within that construction. According to the MLF, the 460 
position of the adjective in relation to the noun should be congruent with the rules of the matrix 461 
language. In contrast, the MP model states that the position of the noun is contingent on the language 462 
of the adjective, irrespective of the matrix language. Thus, the model predictions may manifest 463 
differently in ERP effects elicited by nouns as compared to those elicited by adjectives. Separate 464 
EEG analyses were conducted for sentences in which the adjective-noun construction ended in an 465 
adjective and sentences in which the adjective-noun construction ended in a noun. 466 
ERPs time-locked to nouns (after an adjective has already been presented) 467 
The conditions included in this analysis are listed in in Table 3. These sentences allow for a direct 468 
comparison since, by the time the noun is presented, the adjective has already been presented. As 469 
such, predictions can be made both in terms of MLF and MP as to the correct position of the noun, 470 
and violations would likely elicit a modulation of the Left Anterior Negativity (LAN, an ERP index 471 
considered to reflect early grammatical processing, with more negative amplitudes reflecting greater 472 
processing effort; Friederici, Pfeifer, & Hahne, 1993). Thus, a 2 (MLF+ vs MLF-) by 2 (MP+ vs MP-473 
) repeated measures ANOVA was conducted on five electrodes typically associated with the left 474 
anterior negativity (AF3, AF3, F7, F5, F3; Friederici, Pfeifer, & Hahne, 1993). An additional 475 
exploratory ANOVA was conducted on six electrodes typically associated with the P600 (P1, PZ, P2, 476 
PO3, POZ, PO4).  477 
 478 
Table 3. Experimental design and stimulus examples of sentences with a noun 
occurring after the adjective. 
Sentence  MLF MP 
The girl bought one small aderyn with her feet.  + + 
The girl bought one bach bird during a shopping spree. + - 
Prynodd y ferch un small aderyn ar ôl ysgol. - + 
Prynodd y ferch un bach bird yn ystod gwyliau'r haf. - - 
The critical noun is highlighted in bold. An example of a semantically incongruous completion is 
highlighted in italics, though note that these incongruent completions were dispersed equally 
between conditions. Italics and bold font are for emphasis and were not used in the experiment.  
 
ERPs time-locked to adjectives (after a noun has already been presented) 479 
The conditions included in this analysis are listed in Table 4. Given the specific predictions of both 480 
models, we assumed that noun presentation would not have allowed participants to generate any 481 
predictions regarding the position of the adjective. Upon reading the adjective, however, we propose 482 
that participants will have had to evaluate the appropriateness of its position by referring back to the 483 
noun. As such, violations would likely manifest in the range of the P600, a component typically 484 
involved in grammatical processing and re-evaluation, with more positive amplitudes reflecting 485 
greater processing and extent of re-evaluation; Osterhout & Holcomb, 1992; Steinhauer et al., 2009; 486 
Steinhauer et al., 2010). Thus, a 2 (MLF+ vs MLF-) by 2 (MP+ vs MP-) repeated measures ANOVA 487 
was conducted on six electrodes typically associated with the P600 (P1, PZ, P2, PO3, POZ, PO4). An 488 
additional exploratory ANOVA was conducted on five electrodes typically associated with the LAN 489 
(AF3, AF3, F7, F5, F3; Friederici, Pfeifer, & Hahne, 1993).   490 
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Table 4. Experimental design and stimulus examples of sentences with an 
adjective occurring after the noun.  
Sentence  MLF MP 
The girl bought one bird bach from the pet store. - + 
The girl bought one aderyn small without telling her parents - - 
Prynodd y ferch un bird bach gyda ei phres poced. + + 
Prynodd y ferch un aderyn small fel anhreg i'w chwaer. + - 
The target word is highlighted in bold. Italics and bold font are for emphasis and were not used 
in the experiment.  
Extended electrophysiological data analysis 491 
In our extended analysis, invited by the reviewers of this paper, we compared ERPs elicited by the 492 
adjective within the noun phrase, regardless of whether it occurred before or after the noun (Table 5). 493 
This allowed us to include matrix language (Welsh vs English) as an additional factor, and thus 494 
permits a more direct comparison to the production literature that has shown asynchronies in 495 
switching behaviours in different communities (Blokzijl, Deuchar & Parafita Couto, 2017). For this 496 
analysis, we again focused on the LAN and the P600, using the same time-window and electrodes as 497 
outlined above. 498 
Table 5. Experimental design and stimulus examples. In all cases, the model 
predictions are based on the placement of the adjective.  
Sentence  MLF MP 
The girl bought one bird bach from the pet store.  - + 
The girl bought one small aderyn with her feet. + + 
The girl bought one aderyn small without telling her parents. - - 
The girl bought one bach bird during a shopping spree. + - 
Prynodd y ferch un bird bach gyda ei phres poced. + + 
Prynodd y ferch un small aderyn ar ôl ysgol. - + 
Prynodd y ferch un aderyn small fel anhreg i'w chwaer. + - 
Prynodd y ferch un bach bird yn ystod gwyliau'r haf. - - 
The critical adjective is highlighted in bold. An example of a semantically aberrant sentence 
ending is highlighted in italics, though note that these incongruent completions were dispersed 
equally between conditions. Italics and bold font are for the reader’s information and were not 
used in the experiment. 
Results 499 
Behavioural analyses 500 
Subjective responses 501 
The results of the binomial logistic regression can be seen in Table 6. A significant effect of MLF 502 
was found: Participants were more likely to state that a sentence made sense when MLF assumptions 503 
were met than when they were violated (Figure 1). In contrast, there was no significant effect of MP, 504 
nor was there a significant MLF*MP interaction (MLF+MP+: M = 0.77, SE = 0.10; MLF+MP-: M = 505 
0.78, SE = 0.10; MLF-MP+: M = 0.68, SE = 0.11; MLF-MP-: M = 0.64, SE = 0.11).  506 
 507 
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Table 6. Fixed effect estimates derived from the binomial 
logistic regression on subjective responses data 
 Estimate Std. Error z value p value 
Intercept 1.21185 0.07162 16.92 < .001 
MLF -0.47352 0.09627 -4.92 < .001 
MP 0.03275 0.10181 0.32 .748 
MLF*MP -0.17655 0.13581 -1.30 .194 
 508 
Figure 1. (A) Yes response ratios in the Semantic Congruency task for sentences that adhered to 509 
(MLF+), and violated (MLF-), the predictions of MLF. (B) Yes response ratios in the Semantic 510 
Congruency task for sentences that adhered to (MP+), and violated (MP-), the predictions of MP. 511 
Error bars represent the standard error of the mean. Note: All the trials included in this analysis could 512 
have received a yes answer, since, from a ‘purely’ semantic viewpoint (that is, overlooking syntax), 513 
all sentences made sense.  514 
Reaction times 515 
The results of the linear mixed effects analyses can be seen in Table 7. No significant differences 516 
were observed between sentences that adhered to MLF (M = 877, SE = 93) and sentences that 517 
violated MLF (M = 847, SE = 94). No significant differences were observed between sentences that 518 
adhered to MP (M = 867, SE = 92) and sentences that violated MP (M = 858, SE = 95). Finally, there 519 
was no significant MLF*MP interaction (MLF+MP+: M = 887, SE = 91; MLF+MP-: M = 866, SE = 520 
94; MLF-MP+: M = 846, SE = 92; MLF-MP-: M = 849, SE = 97).  521 
Table 7. Fixed effect estimates derived from the linear 
mixed effects analysis on reaction time data 
 Estimate Std. Error t value 
Intercept 895.14 45.78 19.55 
MLF -42.06 30.27 -1.39 
MP -18.61 28.55 -0.65 
MLF*MP 22.74 39.06 0.58 
  t > 1.96; p < .05. 
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Electrophysiological results 522 
Out electrophysiological analyses focused exclusively on two ERP components (LAN and P600) to 523 
ensure consistency with previous studies investigating the grammaticality of code-switches. Other 524 
studies have reported that morphosyntactic violations modulate N400 mean amplitude, however scalp 525 
topographies from the current study support our a-priori decision to focus on the LAN and P600 526 
(Figure 2). 527 
528 
Figure 2. Topographic maps of ERP difference waves elicited by the adjective and the noun in the 529 
LAN and P600 analysis windows. Main effect of MLF depicts differences between sentences that 530 
violated MLF and sentences that adhered to MLF. Main effect of MP depicts differences between 531 
sentences that violated MP and sentences that adhered to MP.  532 
Planned analysis: ERPs elicited by the noun (post adjective presentation)  533 
A main effect of MP was found in the LAN range, F(1,17) = 9.94, p = .006, n2p = .369, with nouns 534 
embedded in MP- sentences eliciting more negative mean ERP amplitudes (M = -1.58, SE = 0.34) 535 
than nouns embedded in MP+ sentences (M = -0.80, SE = 0.33; Figure 3). There was no significant 536 
difference between MLF+ sentences (M =  -1.16, SE = 0.31) and MLF- sentences (M = -1.22, SE= 537 
0.38; F(1,17) = 0.03, p = .857, n2p = .002) nor a significant MLF*MP interaction (F(1,17) = 1.48, p = 538 
.241, n2p = .080; MLF+MP-: M = -0.64, SE = 0.33; MLF+MP-: M = -1.69, SE = 0.35; MLF-MP+: M 539 
= -0.97, SE = 0.42; MLF-MP-: M = -1.47, SE = 0.42). 540 
  Code-switching and ERPs 
 
17 
541 
Figure 3. ERPs elicited by nouns preceded by adjectives. Left, in the MP+ and MP- conditions (main 542 
effect of MP). The plain grey box indicates the time window of the LAN analysis in which mean 543 
ERP amplitudes significantly differed between conditions (300-450ms post-stimulus). Right, in the 544 
MLF+ and MLF- conditions (main effect of MLF). 545 
In the P600 range, no significant differences emerged between sentences that adhered to (M = -0.31, 546 
SE = 0.23) and sentences that violated (M = -0.65, SE = 0.25) the rules of MLF (F(1,17) = 2.99, p = 547 
.102, n2p = .149). Similarly, no significant differences emerged between sentences that adhered to (M 548 
= -0.25, SE = 0.19) and violated (M = -0.72, SE = 0.31) the rules of MP (F(1,17) = 3.23, p = .090, n2p 549 
= .160). However, a significant MLF*MP interaction did emerge (F(1,17) = 18.08, p = .001, n2p = 550 
.515; Figure 4). Paired samples t-tests were conducted to tease apart the interaction, and an adjusted 551 
significance threshold of .013 was used to reduce the possibility of a Type I error. When MP 552 
predictions were adhered to, sentences that adhered to MLF elicited more positive mean amplitudes 553 
(M = 0.31, SE = 0.21) than sentences that violated MLF (M = -0.80, SE = 0.27; t(17) = 3.73, p = .002, 554 
d = 1.08). Similarly, when MLF predictions were adhered to, sentences that adhered to MP 555 
predictions elicited more positive mean amplitudes (M = 0.31, SE = 0.21) than sentences that violated 556 
MP predictions (M = -0.94, SE = 0.35; t(17) = 3.70, p =.002, d = 1.03). No other significant effects 557 
were found. 558 
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559 
Figure 4. ERPs elicited by nouns preceded by adjectives depicting the interaction between MLF and 560 
MP. The plain grey box indicates the time window of the analysis in which mean ERP amplitudes 561 
significantly differed between conditions (550-750ms post-stimulus). MLF: Matrix Language 562 
Framework, MP: Minimal Program, + stimuli compliant with prediction, - stimulus violating 563 
prediction. 564 
Planned analysis: ERPs elicited by the adjective (post noun presentation)  565 
In the LAN time-window, there was no main effect of MLF (F(1,17) = 0.02, p = .905, n2p = .001), no 566 
main effect of MP (F(1,17) = 0.05, p = .819, n2p = .003), and no significant MLF*MP interaction 567 
(F(1,17) = 0.001, p = .972, n2p < .001). 568 
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We found a significant main effect of MLF in the P600 range, F(1,17) = 11.04, p = .004, n2p = .394, 569 
with adjectives embedded in MLF- sentences eliciting more positive mean amplitudes (M = 0.45 SE 570 
= 0.28) than adjectives embedded in MLF+ sentences (M = -0.36, SE = 0.21; Figure 5).  571 
572 
Figure 5. ERPs elicited by adjectives preceded by nouns. Left, in the MP+ and MP- conditions (main 573 
effect of MP). Right, in the MLF+ and MLF- conditions (main effect of MLF). The plain grey box 574 
indicates the time window of the analysis in which mean ERP amplitudes significantly differed 575 
between conditions (550-750ms post-stimulus). 576 
We also found a significant interaction between MP and MLF in the P600 range (F(1,17) = 14.31, p 577 
= .001, n2p =.46; Figure 6). Paired samples t-tests revealed that, for MLF+ sentences, MP violations 578 
elicited more positive mean amplitudes (M = 0.43, SE = 0.37) than MP compliances (M = -1.16, SE = 579 
0.33; t(17) = -2.80, p = .012, d = 1.07), whereas MLF- sentences showed the reverse pattern, with 580 
MP violations eliciting more negative mean amplitudes (M = -0.26, SE = 0.28) than MP compliances 581 
(M = 1.16, SE = 0.39; t(17) = 3.68, p = .002, d = 0.98). In addition, for MP+ sentences, MLF 582 
violations elicited more positive mean amplitudes (M = 1.16, SE = 0.39) than MLF adherences (M = -583 
1.16, SE = 0.33; t(17) = -4.50, p < .001, d = 1.51). For MP- sentences however, no significant 584 
difference was observed between the MLF+ and MLF- conditions, t(17) = 1.67, p = .114, d = 0.59. 585 
No significant main effect of MP was found, F(1,17) = 0.09, p = .765, n2p = .005.  586 
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587 
Figure 6. ERPs elicited by adjectives preceded by nouns, depicting the interaction between MLF and 588 
MP. The plain grey box indicates the time window of the analysis in which mean ERP amplitudes 589 
significantly differed between conditions (550-750ms post-stimulus). MLF: Matrix Language 590 
Framework, MP: Minimal Program, + stimuli compliant with prediction, - stimulus violating 591 
prediction. 592 
Extended analysis: ERPs elicited by adjectives regardless of position 593 
In the LAN time window, a 2(Matrix Language: English vs Welsh) x 2(MLF+ vs MLF-) x 2(MP+ vs 594 
MP-) repeated measures ANOVA revealed a significant main effect of MLF (F(1,17 = 5.45, p = .032, 595 
n2p = .243), with sentences that violated the predictions of MLF eliciting more negative mean 596 
amplitudes (M = -1.02, SE = 0.38) than sentences that adhered to the predictions of MLF (M = -0.40, 597 
SE = 0.32). No other significant effects were found.  598 
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In the P600 window, a 2(Matrix Language: English vs Welsh) x 2(MLF+ vs MLF-) x 2(MP+ vs MP-599 
) repeated measures ANOVA revealed a significant main effect of MLF (F(1,17 = 13.25, p = .002, 600 
n2p = .438), with sentences that violated the predictions of MLF eliciting more positive mean 601 
amplitudes (M = 0.95, SE = 0.20) than sentences that adhered to the predictions of MLF (M = 0.17, 602 
SE = 0.20). There were no other significant main effects (Main effect of Matrix Language: F(1,17) = 603 
0.02, p = .900, n2p = .001; Main effect of MP: F(1,17) = 0.21, p = .653, n
2
p =.012).  604 
The Matrix language*MLF interaction was however significant (F(1,17) = 9.44, p = .007, n2p = .357; 605 
Figure 7). Paired samples t-tests were conducted to tease apart the interaction, and an adjusted 606 
significance threshold of .013 was used to reduce the possibility of a Type I error. When the matrix 607 
language was Welsh, sentences that violated the predictions of MLF elicited more positive mean 608 
amplitudes (M = 1.45, SE = 0.27) than sentences that adhered to the predictions of MLF (M = -0.36, 609 
SE = 0.21; t(17) = -5.07, p <.001, d = 1.78). However, when the matrix language was English, no 610 
significant difference emerged between sentences that violated (M = 0.45, SE = 0.28) and sentences 611 
that adhered to the predictions of MLF (M = 0.70, SE = 0.37; t(17) = 0.57, p = .578, d = 0.18). 612 
Sentences that adhered to the predictions of MLF elicited more positive mean amplitudes when the 613 
matrix language was English (M = 0.70, SE = 0.37) than when the matrix language was Welsh (M = -614 
0.36, SE = 0.21; t(17) = -2.44, p = .026, d = 0.84). However, sentences that violated the predictions of 615 
MLF elicited more positive mean amplitudes when the matrix language was Welsh (M = 1.45, SE = 616 
0.27) than when the matrix language was English (M = 0.45, SE = 0.28; t(17) = 2.58, p = .020, d = 617 
0.85). 618 
We also found a significant Matrix language* MP interaction (F(1,17) = 8.36, p = .010, n2p = .330; 619 
Figure 7). Paired samples t-tests were conducted to tease apart the interaction, and an adjusted 620 
significance threshold of .013 was used to reduce the possibility of a Type I error. When the matrix 621 
language was Welsh, a trend was observed, with sentences that violated the rules of MP eliciting 622 
more positive mean amplitudes (M = 0.87, SE = 0.25) than sentences that adhered to the rules of MP 623 
(M = 0.21, SE = 0.14; t(17) = -2.60, p = .019, d = 0.75). However, when the matrix language was 624 
English, no significant difference was found between sentences that violated (M = 0.31, SE = 0.23) 625 
and sentences that adhered to the rules of MP (M = 0.83, SE = 0.32; t(17) = 2.02, p = .060, d = 0.45). 626 
When MP rules were followed, more positive mean amplitudes were elicited when the matrix 627 
language was English (M = 0.83, SE = 0.32) than when the matrix language was Welsh (M = 0.21, 628 
SE = 0.14), though this difference was not significant (t(17) = -1.89, p = .076, d = 0.60). When MP 629 
rules were violated, more positive mean amplitudes were elicited when the matrix language was 630 
Welsh (M = 0.87, SE = 0.25) than when the matrix language was English (M = 0.31, SE = 0.23), 631 
though this difference was not significant (t(17) = 1.86, p = .080, d = 0.55).  632 
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633 
Figure 7. ERPs elicited by adjectives depicting the Matrix language*MLF and the Matrix 634 
language*MP interactions. The plain grey box indicates the time window of the analysis in which 635 
mean ERP amplitudes significantly differed between conditions (550-750ms post-stimulus). MLF: 636 
Matrix Language Framework, MP: Minimalist Program, + stimuli compliant with prediction, - 637 
stimulus violating prediction. 638 
Finally, a significant MLF*MP interaction was found (F(1,17) = 13.50, p = .002, n2p = .443; Figure 639 
8). Paired samples t-tests were conducted to tease apart the interaction, and an adjusted significance 640 
threshold of .013 was used to reduce the possibility of a Type I error. For MLF+ sentences, MP 641 
violations elicited more positive mean amplitudes (M = 0.66, SE = 0.27) than MP compliances (M = -642 
0.32, SE = 0.26; t(17) = -2.84, p = .011, d = 0.88). However, MLF- sentences showed the reverse 643 
pattern, with MP violations eliciting more negative mean amplitudes (M = 0.53, SE = 0.18) than MP 644 
compliances (M = 1.37, SE = 0.26; t(17) = 3.70 p = .002, d = 0.88). In addition, for MP+ sentences, 645 
  Code-switching and ERPs 
 
23 
MLF violations elicited more positive mean amplitudes (M = 1.37, SE = 0.26) than MLF adherences 646 
(M = -0.32, SE = 0.26; t(17) = -4.47, p < .001, d = 1.52). For MP- sentences however, no significant 647 
difference was observed between the MLF+ and MLF- conditions, t(17) = 0.47, p = .643, d = 0.13. 648 
No other significant effects were found.  649 
650 
Figure 8. ERPs elicited by all adjectives, depicting the interaction between MLF and MP. The plain 651 
grey box indicates the time window of the analysis in which mean ERP amplitudes significantly 652 
differed between conditions (550-750ms post-stimulus). MLF: Matrix Language Framework, MP: 653 
Minimalist Program, + stimuli compliant with prediction, - stimulus violating prediction. 654 
Discussion 655 
In this study, we investigated the predictions of two theoretical accounts of code-switching in a real 656 
time word-by-word reading context. We asked Welsh-English bilingual participants to read Welsh 657 
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and English sentences that contained a code-switch that either adhered to the predictions of both the 658 
Matrix language framework (MLF; Myers-Scotton, 1993) and the Minimalist Program (MP; Cantone 659 
& MacSwan, 2009), violated the predictions of both accounts, or violated the predictions of one 660 
account but complied with the predictions of the other. On-line processing of the code-switches was 661 
assessed using ERPs elicited by nouns and adjectives, with violations eliciting greater ERP mean 662 
amplitudes in the time windows of the Left Anterior Negativity (LAN) and the P600. These 663 
components reflect two separate analyses and provide complementary findings. Both components are 664 
discussed independently below before we provide an integrated discussion of our findings. 665 
Participant responses in a semantic AJT were also used as an indirect measure of the model 666 
predictions at a surface level, i.e., more explicit and metacognitive in nature.  667 
The LAN findings from our analyses on the noun lend support to MP, since sentences that violated 668 
MP rules elicited greater mean LAN amplitudes as compared to sentences that complied with MP, 669 
and thus they required greater cognitive processing (Friederici, 2002; Friederici, Pfeifer, & Hahne, 670 
1993; Hagoort, 2003; Hahne & Friederici, 1999; Steinhauer et al., 2009; Steinhauer et al., 2010 ). In 671 
contrast, MLF violation or compliance did not elicit measurable ERP modulations in the LAN time-672 
window. However, in our additional analyses which focused on the adjective in all experimental 673 
sentences, irrespective of placement (pre- or post-nominally), we found support for the MLF over the 674 
MP. Here, sentences that violated the predictions of MLF required greater processing effort than 675 
sentences that adhered to the predictions of MLF, whilst no difference was observed between 676 
sentences that violated and adhered to the predictions of MP. Given that the LAN is assumed to 677 
reflect early parsing mechanisms and morphosyntactic analysis (Hahne & Friederici, 1999; 678 
Steinhauer et al., 2009; Steinhauer et al., 2010), it is possible that both MP and MLF predictions are 679 
relevant for local-level grammatical processing. However, we note that the predictions of both 680 
models are based on adjective position, and that the data supporting MP were elicited by nouns 681 
immediately following an adjective (see Table 3), whilst the data supporting MLF were elicited by 682 
adjectives in pre- and post-nominal position (see Table 4 and Table 5).  683 
Our P600 findings show a markedly different pattern of results, which favour the predictions of the 684 
MLF and require a dedicated interpretation. Here, sentences that adhered to the predictions of MLF 685 
(MLF+ sentences) elicited attenuated P600 mean amplitudes as compared to sentences that violated 686 
them. Thus, violations of MLF elicited greater processing and re-evaluation than MLF orthodox 687 
sentences, providing support for the findings of Parafita Couto et al. (2017). However, MP 688 
predictions did not elicit modulations in the P600 range, suggesting that, on a global, sentence level, 689 
MLF predictions prevail. This finding was consistent across all our analyses, thus providing strong 690 
support for MLF over MP. Given the nature of the models themselves, such a finding does not seem 691 
unreasonable, since MLF predictions are based on the matrix language of clauses, which requires an 692 
analysis extending well beyond single word processing. This interpretation is further consistent with 693 
the observation that MLF predictions, not MP ones, aligned with the proportions of ‘yes’ responses 694 
provided by participants in the semantic acceptability judgement task. In other words, if the sentence 695 
as a whole seemed acceptable from a syntactic point of view based on the MLF (MLF+ sentences in 696 
Table 2), not only did critical words require less re-evaluation than for those sentences that violated 697 
MLF (MLF- sentences in Table 2), but also the sentence was more likely to be judged as 698 
semantically acceptable. 699 
We also found significant MLF*MP interactions in the P600 time-window, with differing patterns 700 
depending on whether the analysis was time-locked to the noun or the adjective. When measuring 701 
ERPs on the final noun within the adjective-noun construction, post hoc comparisons revealed an 702 
unexpected pattern: When dealing with sentences that adhered to MLF (MLF+), those adhering to 703 
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MP predictions required more processing effort than those that violated MP predictions. Similarly, 704 
when dealing with sentences that adhered to MP (MP+), those adhering to MLF predictions required 705 
more processing effort than those that violated MLF predictions. These findings are counterintuitive, 706 
and do not align with the predictions of either model. One post hoc explanation is that differences in 707 
the placement of the code-switched word triggered this effect. In all cases, sentences that adhered to 708 
the predictions of both models included a noun insertion following the adjective (e.g., The girl 709 
bought one small aderyn), whilst sentences that adhered to the predictions of one model but not the 710 
other contained a ‘double-switch’, where an adjective insertion occurred before the noun where the 711 
measurement took place (e.g., The girl bought one bach bird; Prynodd y ferch un small aderyn). It is 712 
possible therefore that the greater processing difficulty observed in the MLF+MP+ condition may in 713 
fact reflect a switching cost (see Van Hell, Litcofsky & Ting, 2015, Van Hell, Fernandez, Koostra, 714 
Licofsky & Ting, 2018), rather than an implicit assessment of the predictions of MP and MLF. 715 
When measuring ERPs on the adjective, post hoc comparisons revealed two intuitive and two 716 
intriguing findings: When dealing with sentences that adhered to MLF (MLF+), those adhering to 717 
MP predictions (MP+; 5a and 5b) required less processing effort than those that violated MP (MP-; 718 
5c and 5d).  719 
 720 
(5)  a. Prynodd y ferch un bird bach gyda ei phres poced (MLF+ MP+) 721 
    b. The girl bought one small aderyn with her feet (MLF+ MP+) 722 
c. Prynodd y ferch un aderyn small fel anhreg i'w chwaer (MLF+MP-) 723 
    d. The girl bought one bach bird during a shopping spree (MLF+ MP-) 724 
 725 
When focusing on sentences that adhered to MP (MP+), sentences that also adhered to MLF (MLF+; 726 
6a and 6b) required less processing effort than those that violated MLF (MLF-; 6c and 6d). 727 
(6)  a. Prynodd y ferch un bird bach gyda ei phres poced (MLF+ MP+) 728 
   b. The girl bought one small aderyn with her feet (MLF+ MP+) 729 
c. The girl bought one bird bach from the pet store (MLF- MP+) 730 
   d. Prynodd y ferch un small aderyn ar ôl ysgol (MLF- MP+)  731 
 732 
That is, sentences that adhered to the predictions of both models required less processing effort. It is 733 
worth noting, however, that all sentences that adhered to both models (5a, 5b; 6a, 6b) included a 734 
noun insertion (which are frequent in naturalistic production; cf. Parafita Couto et al., 2015) and all 735 
sentences that violated one model but adhered to the other (5c, 5d; 6c, 6d) contained an adjective 736 
insertion (which are infrequent in production). Finally, when focusing on sentences violating MLF 737 
(MLF-), MP violations (MP-; 7a, 7b) are easier to process than MP compliant stimuli (MP+; 7c, 7d). 738 
That is, sentences that violated both models (MLF-MP-) required less processing effort than 739 
sentences that violated the rules of MLF but adhered to the rules of MP (MLF-MP+).  740 
(7)  a. The girl bought one aderyn small without telling her parents (MLF-MP-)  741 
    b. Prynodd y ferch un bach bird yn ystod gwyliau'r haf (MLF-MP-). 742 
c. The girl bought one bird bach from the pet store (MLF-MP+)  743 
    d. Prynodd y ferch un small aderyn ar ôl ysgol (MLF- MP+). 744 
 745 
While this finding does not straightforwardly match the predictions of either model (both models 746 
would predict the pattern observed for 5a, 5b, 6a, 6b, 7a, 7b, but differ in their prediction for 5c, 5d, 747 
  Code-switching and ERPs 
 
26 
This is a provisional file, not the final typeset article 
6c, 6d, 7c, 7d), such a finding is consistent with previous AJT and production studies (e.g., Parafita 748 
Couto & Gullberg, 2019; Stadthagen-González et al., 2017; Voss, 2018), and may reflect a general 749 
preference for noun insertions over adjective insertions. Indeed, all sentences violating both MLF and 750 
MP (e.g., 7a) featured a noun insertion, whilst sentences violating MLF but not MP (e.g., 7b) all 751 
featured an adjective insertion (Table 4 and 7). Finally, when sentences violated MP, we found no 752 
significant differences between sentences that violated MLF (MP-MLF-) and sentences that adhered 753 
to its predictions (MP-MLF+). We speculate that this may provide additional support for MLF over 754 
MP, as sentences that adhered to MLF but not MP are processed with the same ease as sentences that 755 
violated the predictions of both models and included noun insertions. We tentatively suggest that this 756 
null effect highlights a similar preference for MLF+MP- sentences, thus providing support for MLF. 757 
This suggestion is strengthened as the previous comparison revealed that MLF-MP+ sentences 758 
required more processing effort than MLF-MP- sentences. As such, it appears as though the impact 759 
of MP is minimal at a global processing level.   760 
Our additional analyses also revealed that MLF and MP predictions manifest differently depending 761 
on the matrix language of the sentence (Welsh or English): When the matrix language was Welsh, 762 
sentences that violated the predictions of MLF required greater processing effort than sentences that 763 
adhered to the predictions of MLF. Similarly, when the matrix language was Welsh, sentences that 764 
violated the predictions of MP required greater processing effort than sentences that adhered to MP 765 
predictions. However, when the matrix language was English, ERP responses were not significantly 766 
modulated by neither MLF nor MP predictions. This asymmetry cannot be attributed to noun 767 
insertion preference, and so an alternative interpretation is required. A consistent finding in the 768 
corpus literature is that code-switches are more prevalent in one language over the other (e.g., in 769 
Parafita Couto, Deuchar and Fusser, 2015, Welsh was the matrix language for all sentences that 770 
contained a code-switch, with English being the embedded language- sentences with English as the 771 
matrix language and Welsh as the embedded language were unattested), and so this asynchrony may 772 
reflect community characteristics that are specific to this population. In fact, Valdés Kroff  (2016) 773 
posited, based on Spanish-English data, that code- switching is a learned behaviour, which may vary 774 
from community to community, an assumption that is consistent with psycholinguistic models that 775 
suggest that processing patterns are impacted by statistical regularities observed in production (e.g., 776 
Dell & Chang, 2014; MacDonald, 2013; Pickering & Garrod, 2013). He suggested that the profile of 777 
the bilinguals in terms of usage and exposure to code-switching should result in observable group 778 
differences, both in the production and comprehension of code-switching. In the case of the Welsh-779 
English community, code-switched constructions may be more common when the matrix language is 780 
Welsh, leading participants to generate stronger expectations about the placement of the code-switch. 781 
When the matrix language is English, however, such expectations may not apply, due to the 782 
infrequent occurrence of Welsh insertions into English sentences. This finding could also explain 783 
some of the conflicting patterns observed in previous electrophysiological studies, which may not 784 
have considered the matrix language of the sentence as a confounding factor within their analyses 785 
(Parafita Couto et al. 2017; Pablos et al. 2019). We therefore suggest that any future studies assessing 786 
the predictions of MLF and MP include the matrix language of the sentence as an experimental factor 787 
(cf. Parafita Couto & Stadthagen-González, 2019, Stadthagen-González et al. 2017). 788 
This effect could also be a result of syntactic co-activation. A substantial body of evidence suggests 789 
that bilinguals automatically activate the syntactic rules of both their languages, even when they 790 
operate in a single language context (e.g., Bernolet & Hartsuiker, 2018; Desmet & Declercq, 2006; 791 
Ganushchak, Verdonschot, & Schiller, 2011; Hartsuiker & Pickering, 2008; Hartsuiker, Pickering, & 792 
Veltkamp, 2004; Hatzidaki, Branigan, & Pickering, 2011; Lemhöfer, Spalek, & Schriefers, 2008; 793 
Paolieri et al., 2010; Sanoudaki & Thierry, 2014; Sanoudaki & Thierry, 2015; Scheutz & Eberhard, 794 
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2004; Vaughan-Evans, Kuipers, Thierry, & Jones, 2014; Weber & Indefrey, 2009). Whilst some 795 
studies have suggested that similarity in syntactic structure across languages can determine the 796 
degree of syntactic co-activation (Bernolet, Hartsuiker, & Pickering, 2007; Kidd, Tennant, & 797 
Nitschke, 2015; Loebell & Bock, 2003; Kantola & van Gompel, 2011), neuroscientific investigations 798 
of cross-language syntactic activation have shown that idiosyncratic rules (e.g., Vaughan-Evans et 799 
al., 2014) and syntactic rules conflicting across language such as word-order (e.g., Sanoudaki & 800 
Thierry, 2014; Sanoudaki & Thierry, 2015) are also the object of automatic co-activation. It is 801 
possible that, when reading sentences with an English matrix language, our participants automatically 802 
activated and applied the grammatical rules of Welsh, that stipulate that an adjective should occur in 803 
post-nominal position (though see Borsley, Tallerman & Willis, 2007 for counterexamples). For 804 
example, when the matrix language was English, adjectives in pre-nominal positions were classed as 805 
grammatically correct according to the predictions of MLF, however activation of the Welsh 806 
grammatical rules would deem such utterances as grammatically incorrect. Conversely, adjectives in 807 
post-nominal positions were classed as grammatically incorrect according to the predictions of MLF, 808 
yet activation of the Welsh grammatical rules would classify such utterances as grammatically 809 
correct. As such, any impact of MLF may have been ‘cancelled out’ in these sentences. The same 810 
rationale could be applied when considering MP predictions, thus providing a possible explanation 811 
for the null effect. A similar argument could be made when considering the Welsh matrix language 812 
sentences, however studies have demonstrated that co-activation of L2 syntax during L1 processing 813 
is comparably weaker than the activation of L1 syntax during L2 processing (e.g., Hatzidaki, 814 
Branigan & Pickering, 2011). As such, the conflicting grammatical rules of English may not have 815 
been activated to such a degree that they counteracted the predictions of MP and MLF. We 816 
acknowledge that such an interpretation is post hoc, and reiterate that the purpose of this study was to 817 
assess the predictions of two competing linguistic models (MLF vs MP) rather than to investigate 818 
syntactic co-activation. Future studies should, however, take this factor into consideration when 819 
assessing code-switching patterns.  820 
Our findings expand upon two previous ERP studies that attempted to evaluate the competing 821 
predictions of MP and MLF (Parafita Couto et al., 2017; Pablos et al., 2019). Methodological 822 
differences as well as decisions relating to statistical analyses could provide an explanation for any 823 
discrepancies. Specifically, the support provided for MP in this study is derived from analyses time-824 
locked to the onset of the noun, an analysis that was not conducted in the previous studies. Support 825 
for MLF, however stems from analyses time-locked to the onset of the adjective and is in keeping 826 
with the analyses performed in the previous two papers. This raises an important practical question 827 
about the best way to measure the acceptability of code-switching patterns in neuroscientific studies, 828 
particularly when the two languages have conflicting word orders: Should all analyses be conducted 829 
on the code-switched word, should all analyses be conducted on the adjective within the noun phrase, 830 
or should all analyses be conducted on the final word within the adjective-noun construction? We 831 
initially argued for the latter, given that the predictions outlined in Table 2 refer to the position of the 832 
adjective in relation to the noun, and as such, participants would need to process the noun phrase in 833 
its entirety to determine the appropriateness of the code-switch. However, additional analyses 834 
focussing on the adjective across all experimental sentences allowed for a direct comparison of the 835 
sentence matrix languages (Welsh vs English), which was not possible in the analysis testing our 836 
initial hypotheses. We do not provide a definitive answer here, but we encourage researchers 837 
investigating this empirical question in the future to consider this issue carefully, and to clearly 838 
outline and justify the comparisons made.   839 
Our experimental design and the selected comparisons allowed for the analysis of an additional ERP 840 
component, the P600. Whilst these findings are not directly comparable to the findings of Parafita 841 
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Couto et al. (2017) and Pablos et al. (2019), they provide insight into the complexities of the rules 842 
that govern code-switches. Our findings in relation to the P600 provide partial support for the 843 
findings of Parafita Couto et al., (2017), as sentences violating the predictions of MLF required 844 
greater processing effort than sentences adhering to its predictions. Our P600 findings also replicate 845 
the findings of previous papers (e.g., Stadthagen-González et al., 2017) as participants demonstrated 846 
a general preference for sentences that adhered to the predictions of both models (MLF+MP+) over 847 
sentences that adhered to the predictions of one model but not the other (e.g., MLF+MP-; MLF-848 
MP+). Finally, our findings highlight a possible preference for noun insertions over adjective 849 
insertions, in line with previous findings (e.g., Parafita Couto & Gullberg, 2019; Stadthagen-850 
González et al., 2017; Voss, 2018). However, we note that this interpretation does not account for the 851 
preference towards sentences that adhered to MLF over sentences that violated its rules, as both 852 
sentence types (MLF+ and MLF-) included both noun and adjective insertions.  853 
As previously suggested (e.g., Stadthagen-González et al., 2017), our results do not lend support to 854 
the suggestion that it is only one of the theoretical proposals (either the matrix language or the 855 
language of the adjective) that regulates the relative order of adjectives and nouns in code-switched 856 
nominal constructions. Santorini and Mahootian (1995) and Mahootian and Santorini (1996) 857 
proposed all combinations of adjectives and nouns are possible. In line with Pablos et al. (2019), 858 
however, our data do not support this earlier proposal either. Rather, our ERP findings provide initial 859 
evidence to validate the predictions of both the MP and MLF theoretical accounts, with arguably 860 
stronger evidence in favour of MLF. Based on our findings in relation to LAN, MP and MLF predict 861 
local grammatical processing (word level integration in the syntactic frame sensitive to 862 
morphosyntatic processing). Note, however, that support for MP derives from ERPs elicited on the 863 
final noun within a noun-phrase, whilst support for MLF derives from ERPs elicited on the adjective 864 
within the noun-phrase. Whilst both models affected our P600 data, we argue that the impact of MP 865 
at this level represents a general preference for noun over adjective-insertions and thus argue that 866 
MLF predicts global syntactic integration and evaluation mechanisms (the impact of word integration 867 
on sentence-level processing). Critically, the behavioural data collected online are consistent with 868 
such an interpretation, since participant judgements, like P600 amplitudes, were only affected by 869 
MLF predictions. Our findings therefore suggest that the predictions of MLF primarily contribute to 870 
determining a felicitous code-switch, though analyses conducted on nouns also provide tentative 871 
support for the predictions of MP (see also Stadthagen-González et al., 2017).  872 
At the same time, our results reflect the switching pattern that has previously been reported in 873 
naturalistic production in this bilingual community (Parafita Couto et al., 2015), i.e., a preference for 874 
noun (rather than adjective) insertions. This highlights the importance of studying code-switching 875 
from a language ecological perspective, as our results lend support to the claim that processing of 876 
code-switched structures should reflect context-specific patterns that reveal themselves both in 877 
production and in grammatical intuitions (e.g., Balam, Parafita Couto, & Stadthagen-González, 2020; 878 
Beatty-Martínez, Valdés Kroff, & Dussias, 2018). Crucially, this preference for noun insertions has 879 
also been observed in other bilingual communities (Spanish-English, Papiamento-Dutch), both in 880 
production and AJT studies (Balam & Parafita Couto, 2019; Gullberg & Parafita Couto, 2019; 881 
Stadthagen-González et al., 2017; Voss, 2018). If this tendency is further confirmed in other bilingual 882 
communities, the fact that both theoretical proposals seem to be contributing to determining noun-883 
adjective code-switching may just be a by-product of this general tendency in use. Instead, these 884 
findings could be taken as support for Backus´ (2014) suggestion that ¨the field of code-switching 885 
studies could be reinvigorated by the introduction of a usage-based approach¨ (p.19).  886 
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Overall, we have illustrated how the use of a hypothetico-deductive approach can unravel the 887 
complexities of intra-sentential code-switching, and we hope to have helped build a bridge between 888 
theoretically, and psycholinguistically driven studies on code-switching. The electrophysiological 889 
technique outlined in the present study can complement corpus and behavioural approaches with ¨an 890 
eye toward separating quasi-universal from language-specific code-switching configurations¨ (cf. 891 
Lipski, 2019, p.23). The extension of bilingual language processing research to include other 892 
language combinations as well as other switch points holds the promise of refining our theoretical 893 
understanding of the rules governing intra-sentential code-switching.  894 
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Stadthagen-González, H., Parafita Couto, M. C., Párraga, C. A., & Damian, M. (2017). Testing 1095 
alternative theoretical accounts of code-switching: Insights from comparative judgments of 1096 
adjective – noun order. International Journal of Bilingualism, 1–21. doi: 1097 
10.1177/1367006917728390  1098 
Steinhauer, K., White, E. J., & Drury, J. E. (2009). Temporal dynamics of late second language 1099 
acquisition: evidence from event-related brain potentials. Second Language Research, 25(1), 1100 
13–41. doi: 10.1177/0267658308098995 1101 
Steinhauer, K., Drury, J. E., Portner, P., Walenski, M., & Ullman, M. T. (2010). Syntax, concepts, 1102 
and logic in the temporal dynamics of language comprehension: Evidence from event-related 1103 
  Code-switching and ERPs 
 
35 
potentials. Neuropsychologia, 48(6), 1525-1542. doi: 1104 
10.1016/j.neuropsychologia.2010.01.013.  1105 
Stowe, L. A., Kaan, E., Sabourin, L., & Taylor, R. C. (2018). The sentence wrap-up 1106 
dogma. Cognition, 176, 232-247. doi: 10.1016/j.cognition.2018.03.011 1107 
Treffers-Daller, J. (1993). Mixing two languages: French-Dutch contact in a comparative 1108 
perspective. Berlin: Mouton de Gruyter. 1109 
Valdés Kroff , J. (2016). Mixed NPs in Spanish-English bilingual speech: Using a corpus based 1110 
approach to inform models of sentence processing. In Guzzardo Tamargo, R. E., Mazak, C., 1111 
& Para ta Couto, M. C. (Eds.), Code-switching in the Spanish-speaking Caribbean and its 1112 
diaspora. Amsterdam: John Benjamins. https://doi.org/10.1075/ihll.11.12val 1113 
Van Hell, J. G., Litcofsky, K. A., & Ting, C. Y. (2015). Sentential code-switching: cognitive and 1114 
neural approaches. In J. W. Schwieter (Ed.), The Cambridge handbook of bilingual 1115 
processing (pp. 459–482). Cambridge: Cambridge University Press. doi: 1116 
10.1017/CBO9781107447257.020  1117 
Van Hell, J. G., Fernandez, C., Koostra, G. J., Litcofsky, K., & Ting, C. Y. (2018). 1118 
Electrophysiological and experimental-behavioral approaches to the study of intra-sentential 1119 
code-switching. Linguistic Approaches to Bilingualism, 8(1), 134–161. doi: 1120 
10.1075/lab.16010.van 1121 
Vanden Wyngaerd, E. (2017). The adjective in Dutch-French codeswitching: Word order and 1122 
agreement. International Journal of Bilingualism, 21(4), 454-473. doi: 1123 
10.1177/1367006916632302 1124 
Vaughan-Evans, A., Thierry, G., Kuipers, J. -R., & Jones, M.W. (2014). Anomalous transfer of 1125 
syntax between languages. The Journal of Neuroscience, 34(24), 8333-8335. 1126 
doi:10.1523/JNEUROSCI.0665-14.2014 1127 
Voss, D. (2018). Insights from comparative judgments of adjective-noun order in Papiamento-Dutch 1128 
code-switching (BA thesis). Latin American Studies, Leiden University. 1129 
https://openaccess.leidenuniv.nl/handle/1887/64354 1130 
Weber, K., & Indefrey, P. (2009). Syntactic priming in German-English bilinguals during sentence 1131 
comprehension. NeuroImage, 46(4), 1164–1172. doi:10.1016/j.neuroimage.2009.03.040 1132 
